Twenty-four hour recording of electrocardiogram was performed in 5 cases, aged from 42 to 75 years, with paroxysmal tachyarrhythmias (paroxysmal supraventricular tachycardia (PSVT) 2 cases and paroxysmal atrial fibrillation (PAf) 3 cases) for the purpose of assessing the effects of digitalis on sinus node function from the chronobiological point of view. All of the pauses following the termination of PSVT or PAf observed during a day were measured in 4 cases as the sinus node recovery time (SNRT).
SUMMARY
Twenty-four hour recording of electrocardiogram was performed in 5 cases, aged from 42 to 75 years, with paroxysmal tachyarrhythmias (paroxysmal supraventricular tachycardia (PSVT) 2 cases and paroxysmal atrial fibrillation (PAf) 3 cases) for the purpose of assessing the effects of digitalis on sinus node function from the chronobiological point of view. All of the pauses following the termination of PSVT or PAf observed during a day were measured in 4 cases as the sinus node recovery time (SNRT).
Corrected sinus node recovery time (CSNRT) was determined by subtracting the penultimate P-P cycle length from the SNRT. Both SNRT and CSNRT were prolonged in all cases after digitalis administration. In 1 case observation on the diurnal variation of SNRT and CSNRT showed the most marked prolongation of these values at 6:00 a.m. after digitalis administration.
The second degree of SA block was observed in 2 cases in the early morning after digitalis treatment. In the other 2 cases sinoatrial conduction time (SACT) was calculated by the use of premature atrial contraction and corrected by dividing by the basic cycle length before and after digitalis administration.
Neither SACT and CSACT showed significant differences between the values before and after the treatment in 2 cases, nor the diurnal variation of SACT and CSACT showed significant differences. Above results suggest that digitalis should be used with caution in patients with paroxysmal tachyarrhythmia because even small amounts of digitalis might provoke sinus node dysfunction. Twenty-four hour recording of electrocardiogram is useful in the earlier recognition of sinus node dysfunction induced by digitalis. have been applied for the evaluation of patients with the clinical diagnosis of sinus node disease and for the assessment of drug effects in these patients. Margolis et al3) have also reported that overdrive pacing elicited the definite abnormality of sinus node function following the administration of a moderate amount of digoxin.
In the previous paper, we4) have reported the usefulness of 24-hour monitoring of electrocardiogram in the observations of cardiac rhythm. However the diurnal variation of sinus node function under the digitalis action remains to be clarified.
The purpose of this study was to assess the effects of digitalis on sinus node function especially from the chronobiological point of view by 24-hour recording of electrocardiogram.
METHODS
Five patients ranging in age from 42 to 75 years, with paroxysmal supraventricular tachycardia (PSVT) or paroxysmal atrial fibrillation (PAf) were evaluated for sinus node dysfunction before and after digitalis administration. The patients were given digitoxin 0.05 or 0.1mg/day. Twenty-four hour electrocardiogram was recorded with Holter Dynamic Electrocardiographic System (Avionics Research Products, Los Angeles, California). A bipolar electrode lead system was used. The remote lead was located over the right upper area of the manubrium and the exploring lead was located in the left anterior axillary line over the fifth intercostal space. A ground lead was placed in the right midclavicular line at the costal margin.
All of the pauses following the termination of PAf or PSVT observed during a day were measured as the sinus node recovery time (SNRT); they were defined as the interval, in sec, from the last P wave of PSVT or from the last R wave of PAf to the first spontaneously occurring P wave. Corrected sinus node recovery time (CSNRT) was determined by subtracting the penultimate P-P cycle length from the SNRT. SNRT and CSNRT were measured in 4 cases before and after digitalis administration. Sinoatrial conduction time (SACT) was calculated by the use of all premature atrial contractions observed by 24-hour electrocardiogram. As described by Strauss et al,5), 6) reset of the sinus node by an atrial premature contraction occurred when the sum of the atrial premature cycle and the return cycle was less than the sum of 2 spontaneous sinus cycles, and in this zone SACT can be estimated as onehalf of the difference between atrial return cycle and basic cycle length. SACT was corrected by dividing by the basic cycle length (CSACT). SACT and CSACT were calculated in 2 cases before and after digitalis administration.
RESULTS
In 4 cases (Cases 1, 2, 3, and 4) SNRT and CSNRT were measured before and after digitalis aministration, as shown in Fig.1 .
SNRT and CSNRT were prolonged in all cases after digitalis administration, that is, SNRT ranged from 0.64 to 1.92 sec before and ranged from 0.80 to 4.28 sec after digitalis treatment. CSNRT ranged from -0.18 to 1.00 sec before and ranged from -0.26 to 3.08 sec after the drug administration. The negative value for CSNRT was due to a sinus escape beat that appeared earlier than Diurnal variation of SNRT and CSNRT in patient MK (Case 1). Note that both SNRT and CSNRT were prolonged during a day after digitoxin administration, and that the most marked prolongation of the SNRT and CSNRT was observed at 6:00 a.m. the average sinus cycle length (that is, SNRT was less than the penultimate P-P interval). The variation in SNRT and CSNRT was observed during a day in the same case. The diurnal variation of SNRT and CSNRT in Case 1 was shown in Fig.2 . Although in this case the prolongation of SNRT as well as CSNRT was observed during a day after digitalis administration, it was marked in the early morning.
After digitalis treatment the second degree of sinoatrial block was observed in Case 1 and Case 4 only in the early morning by 24-hour electrocardiogram.
Moreover because premature atrial contractions were frequently recorded by 24-hour electrocardiography in Case 2 and Case 5, SACT was calculated by the use of premature atrial contraction before and after digitalis administration, as shown in Fig.3 . SACT ranged 90 to 180 msec before and ranged from 90 to 210 msec after digitalis treatment. CSACT ranged from 11.3 to 19.8% before and ranged from 11.0 to 23.7% after the drug administration. The diurnal variation of SACT and CSACT was shown in Fig.  4 in Case 2, but no significant difference between the values before and after the treatment was found. node to the atrium has been estimated by the use of premature atrial stimulation. However these techniques have the following problems: (1) To evaluate the sinus node function by analyzing the sinus node recovery time there must be discussed about the effects of pacing rate, pacing duration, milliamperage, vagal and beta-adrenergic stimulation and sinus node injury.
(2) The sinoatrial conduction time is calculated assuming that the sinoatrial node pacemaker cycle is equal to the spontaneous sinus cycle.7)(3) The conduction time from the sinoatrial node to the atrium is equal.
In this paper the sinus node recovery time observed in terminating repetitive supraventricular tachycardia or atrial fibrillation by 24-hour continuous electrocardiography was used to evaluate its automatic pacemaker function instead of rapid atrial pacing or programmed atrial stimulation. The calculation of the sinoatrial conduction time was made by the use of spontaneous atrial premature contractions observed by 24-hour electrocardiography. This technique has an advantage in that the sinus node function is estimated in the natural and clinical state, acetylcholine release or an increase in parasympathetic tone by atrial pacing need not be discussed and only endogenous factors might be important in evaluating sinus node function.
Moreover this technique allows an evaluation of diurnal variation in the degree of sinus node dysfunction. The most marked prolongation of the Jap. Heart J. May, 1977 SNRT was observed at 6:00 a.m. in a patient who was observed marked prolongation of SNRT after administration of digitoxin 0.05mg per day. In 2 cases second degree of sinoatrial block was also observed at night. The mechanism of this diurnal variation is not clear but probably mediated in increase of parasympathetic tone at night. Already we8) have reported that major arrhythmias were frequently observed at night or in the early morning during digitalis administration. These results might suggest that the sensitivity to digitalis was increased in the early morning.
In conclusion digitalis should be used with caution in patients with paroxysmal tachyarrhythmias because even small amounts of digitalis might provoke sinus node dysfunction. Twenty-four hour recording of electrocardiogram is useful in the observation on the diurnal variation of the effects of digitalis on sinus node function.
